BACKGROUND: As primary care moves toward a system of population health management, providers will need to engage patients outside traditional office-based interactions. OBJECTIVE: We assessed patient attitudes regarding technology use to communicate with their primary care team or to engage with other patients outside typical office settings. Design/Participants/Main Measures We c o n d u c t e d a n a t i o n a l s u r v e y u s i n g G f K KnowledgePanel ® to examine attitudes on the use of digital technology (email, text messaging, and social media such as Facebook and Twitter) to communicate with primary care teams about health behavior goals and test results. We also assessed attitudes toward the use of digital technologies to engage with other patients in activities such as peer coaching. KEY RESULTS: Of the 5119 panel members invited to participate, 3336 completed the survey (response rate, 65.2 %). Among respondents, more than half (58 %) reported using Facebook, and nearly two-thirds (64.1 %) used text messaging. Overall, few participants were willing to communicate about health goals via social media (3.1 %) or text messaging (13.3 %), compared to email (48.8 %) or phone (75.5 %) (results were similar for communication about test results). Among those that used text messaging, race/ethnicity was the only factor independently associated with greater support for text messaging [African American (OR 1.44; 95 % CI, 1.01-2.06) and Hispanic (OR 1.8; 95 % CI, 1.25-2.59)] in multivariate models. Participants interested in engaging in peer coaching through Facebook (11.7 %) were more likely to be younger (p<0.0001), female (p<0.001), and a racial/ ethnic minority (African American, non-Hispanic or Hispanic, p<0.0004). CONCLUSIONS: Despite regular use of new digital technology such as text messaging and social media, few participants supported using these tools for communicating with their physicians' practice. Participants were most supportive of using email for communication. Contrary to previous studies, among users of technology, low socioeconomic status and racial/ethnic minorities were equally or more likely to support use.
INTRODUCTION
The patient-centered medical home (PCMH), combined with new payment models such as accountable care organizations, shared savings programs, and bundled payments, are moving primary care toward a system of population health management. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] A critical component of population management requires proactive, regular interaction between patients and the clinician or clinical team-engagement and communication that will take place outside the traditional face-to-face encounter. [12] [13] [14] [15] [16] [17] [18] Outreach outside of physician visits, for example, has been shown to improve colorectal cancer screening, 19 increase influenza vaccination, 20, 21 reduce medical costs and hospitalizations, 22 and improve care and health outcomes for patients with chronic care conditions. 23 Consumer e-health tools-electronic tools and services, including secure messaging between patients and providers, mobile health (mHealth) apps, and existing technologies used in novel ways-offer unique opportunities to improve patient-provider communication and facilitate patient engagement. [24] [25] [26] A growing body of evidence suggests that patient use of new technologies such as text messaging [27] [28] [29] [30] or email 31 to communicate with healthcare providers can lead to behavior change and improved health outcomes for select patient populations. Novel digital technology tools for engaging a wider group of patients are rapidly emerging. Patient portals, communication systems tethered to existing electronic health records (EHRs), are promoted by healthcare systems, but evidence concerning patient satisfaction with their use is mixed, and their impact on health outcomes is unclear. Patients report that the cumbersome functionality and standalone nature of these portals, partly as a result of their enhanced security features, are factors that limit their use. 32 Additionally, patient race/ethnicity and literacy appear to be barriers to their uptake. 33, 34 Social media, including social networking sites (e.g. Facebook) and microblogs (e.g. Twitter), are widely used by adults across racial, ethnic, and socioeconomic groups, [35] [36] [37] and they offer new channels for health communication. 38 Research on social media, however, has focused more on interactions with other patients and obtaining and exchanging health information than on direct patient engagement. 39 Patients' attitudes and experiences related to these social media are poorly understood, raising the question of whether health systems and practices should be investing in them. 40, 41 This study sought to examine and assess patient perceptions regarding communication technologies currently used by many adults, such as texting, email, and social media, as a means to engage with their clinician or other patients outside traditional office-based visits. One recent survey of retail pharmacy users found strong interest among patients in the use of email and Facebook to communicate with their providers. 42 We surveyed a nationally representative sample of patients, examining their willingness to use these technologies in specific clinical examples. We focused on communicating different types of information, such as test results or health goals, as well as different types of interactions, for example with a doctor or with other patients, as patients may hold different views about engaging in these clinical activities. 43 
METHODS

Participants and Survey Administration
Participants were recruited from an online research panel a s s e m bl e d b y Gf K K n o w l e d ge Ne t w o r k s ( G f K KnowledgePanel ® ) 44 as part of a broader study on health information use and privacy. 45, 46 In order to create a nationally representative panel, GfK KnowledgePanel ® members are recruited through probability-based sampling using random digit dialing and address-based sampling. This approach provides coverage of households with and without telephones, mobile phones, and home Internet access. Individuals without Internet access are provided with computer hardware and Internet capability in exchange for participation; those with Internet access are given modest cash compensation. This method of sampling and panel creation from probabilitybased samples yields estimates similar to those derived from random-digit-dialing telephone surveys. 47 The study population was sampled from three racial/ethnic populations: non-Hispanic African American, non-Hispanic white, and Hispanic (African American and white bilingual English-and Spanish-speaking households). We oversampled African American and Hispanic individuals to allow for sufficiently powered comparisons across the three racial/ethnic populations. Prior to survey administration, we decided to exclude participants who finished the survey in less than half the median completion time. Pretest piloting showed that these individuals had little item-to-item variation in their survey responses, suggesting a low level of attention to item content. 46 The survey was administered electronically from 9 November through 2 December 2012. Spanish-speaking participants had the option of completing the survey in English or Spanish. The University of Pennsylvania Institutional Review Board approved the study protocol.
Survey Instrument
The survey was developed as part of a larger survey on health information use and privacy. We asked participants to rate their level of agreement with several different uses of communication technology. The first set of questions focused on participants' level of agreement with using four different communication channels (telephone, email, texting, social media) with two different information types (test results: Bblood test results^, health goals: Bpersonal health goals such as an exercise plan^) to communicate with their doctor: BI want my doctor to communicate with me about my personal health goals such as an exercise plan using…^We chose these two different information types, given that patients' attitudes toward communication about more discrete information may differ from those regarding more complex behavior-related information. We also assessed all participants' attitudes toward participating in a peer coaching program on social media: BSome people like meeting other people with similar medical conditions to share stories and coach each other. If my doctor offered me a way to join a group of patients on Facebook, I would join.^Lastly, we assessed participants' attitudes toward receiving general health messages such as flu vaccine reminders from their doctor on Twitter: BIf my doctor sent out health messages such as flu vaccine reminders on Twitter, I would sign up so I could get those messages.^We measured participants' attitudes toward communication channels and technologies using five-point Likert scales ranging from Bstrongly disagree^to Bstrongly agree.^We also collected information from participants on their health status, using validated survey questions, 48 and on their use of other technology. To ensure content validity prior to survey administration, the survey was reviewed by content experts for feedback and pilot-tested on a separate sample of GfK KnowledgePanel participants.
Demographics and Additional Information
We obtained previously collected information about study participants from GfK Knowledge Networks, including race/-ethnicity, income, educational attainment, sex, age, and residence in a rural or metropolitan area. We also obtained information about their use of other digital technologies, including the use of online banking and smartphones; however, these data were not available for all participants, due to the GfK Knowledge Networks approach of periodically collecting this information from panel members.
Statistical Analysis
Descriptive statistics were calculated to characterize respondents and their willingness to communicate via the different communication channels. The influence of individual characteristics on their willingness to communicate health goals with their doctor via text messaging (yes vs. no) were modeled using generalized estimating equations (GEE) with logit link and assuming an independent working correlation structure and robust variance estimates to account for the correlation of observations nested within respondents. Post-stratification weights were used to account for non-response.
We used chi-square tests to compare demographic characteristics between responders willing to communicate health goals and test results by email and text versus those willing to communicate via email but not text. Chi-square tests were also used to compared demographic characteristics between respondents interested in engaging other patients/doctors on Facebook and Twitter, and those who were not. We used SAS version 9.2 software for all statistical analyses. All tests were two-sided, and a p value less than 0.05 was considered statistically significant.
RESULTS
Of the 5119 individuals invited to participate, 3336 completed the survey (response rate, 65.2 %). After excluding 272 respondents who finished the survey in less than half the median time, the final analytic sample included 3064 participants, and their characteristics are presented in Table 1 . Among respondents, more than half (58 %) reported using Facebook, and nearly two-thirds (64.1 %) used text messaging. Compared with respondents, persons who did not respond were more likely to be younger, less educated, and have lower income, and were slightly more likely to be female (data not shown, reported in previous work as part of larger study). 46 In Table 2 , we show respondents' willingness to communicate with their doctor through different channels. Overall, very few participants (<4 %) were willing to communicate with their physician about health goals or test results through a social media platform (Facebook or Twitter). More were willing to use text messaging, but the rates remained low (<20 %), even when limited to individuals who already used texting, Facebook, or online banking. About half of respondents were willing to use email, with higher rates among individuals with lower health status and who were current users of technology.
Among participants who used text messaging (n=1965, 64 % of total), we analyzed participant characteristics independently associated with support for using text messaging to communicate with their doctor estimated from an adjusted and weighted GEE model (see Table 3 ). The information content was not an important factor; willingness to communicate about blood test results was not significantly different from willingness to communicate about personal health goals (OR: 1.08, 95 % CI 0.952,1.22). The only factor significantly associated with support for the use of text messaging was race/ethnicity, with African American, non-Hispanic, and Hispanic participants more likely than white participants to be willing to use this method to communicate with their doctor. Age, education level, health status, and residence in a metropolitan area were not significantly associated with participant willingness to use text messaging for this communication.
Participants were most supportive of the use of email for communication. We were interested in a population that showed a proclivity for using this communication channel in order to determine qualities that might reflect willingness to use newer communication channels. Therefore, we examined factors associated with support for email and text messaging (or, conversely, lack of support). Among those who supported using email for communication about health goals (n=379), 25.5 % also supported using text messaging. Among those who Table 4 , we present factors associated with support for text messaging among respondents supportive of using email to communicate. Respondents who were willing to communicate using email and text messaging were more likely to be a racial/ethnic minority (African American, non-Hispanic, or Hispanic), less than 60 years of age, of lower socioeconomic status (lower education and income levels), with poorer health status, and were less likely to have insurance. Only 11.7 % (n=357) and 8.4 % (n=257) of participants were interested in engaging in peer coaching with other patients through Facebook or receiving generalized health messages from their doctor via Twitter, respectively. Participants willing to join a group of similar patients on a social media site like Facebook were more likely to be younger, female, a racial/ethnic minority (African American, nonHispanic, or Hispanic), and living in a metropolitan area, and were less likely to have insurance, have a smartphone, and engage in social media use and text messaging than those not willing (see Table 5 ). Similar individual characteristics were found for participants willing to receive Twitter messages containing health messages such as influenza vaccine reminders from their doctor.
DISCUSSION
As various pressures move primary care toward a system of population health management, patients, providers, and clinical teams will need to make use of new technologies to communicate outside traditional office-based interactions. Our study has two key findings. First, despite regular use of new digital technology such as text messaging and social media, few participants supported using these tools for communicating with their physician's practice. Respondents were most willing to use email, but this willingness was shared by less than 50 % of the overall study population. This stands in contrast to a study exploring patient willingness to use digital technology among a population of retail pharmacy users, which found both strong patient interest and self-reported current use of email and social media for communicating with their physicians. 42 While many participants in our nationally representative sample used social media and text messaging, and already engaged in online activities such as banking, they seemed to differentiate between healthcare and non-healthcare use of these technologies. Determining the reasons for this seeming differentiation will be important for identifying strategies to promote technology adoption.
Our second key finding is that identifying users of technology is more important than focusing on certain demographic groups with regard to identifying patients that may be willing to adopt these technologies for healthcare. While individuals with poorer health status may be more willing to use email to 49, 50 Hispanic and African American patients in our study were actually more willing to use digital technology-text messaging in particular-to communicate with their doctor. These communication technologies may hold promise for reaching out to these harder-to-reach underserved populations.
This study has several limitations. First, it is descriptive in nature. We asked participants about their attitudes regarding hypothetical uses of technology for communicating with their primary care team, and thus we do not know the extent to which these attitudes would translate to actual behavior if these communication channels were offered. Second, we did not ask respondents about available secure platforms for communication with providers, such as patient portals or secure webmail/email, as we were primarily interested in technology that patients were already using and engaged with more regularly. Third, attitudes toward digital technology are likely rapidly evolving with changes in adoption and use. Fourth, our respondents may not be fully representative of the US population of the three racial and ethnic groups we Ã Chi-square analysis testing association of support for text messaging by individual characteristics sampled, and there may be important differences between those broad racial or ethnic categories that our study could not uncover. Finally, our findings could be susceptible to non-response bias, as there may be differences in attitudes between those who are willing to participate in a survey research panel and those who are not. However, we achieved a relatively high response rate and used poststratification weights to adjust for non-response. As healthcare extends beyond the traditional in-person interactions between physician and patient, and as more health-related information is captured on a variety of digital devices and media, clinical practices and patients will need to work together to achieve the potential of new communication technologies in improving patient engagement. Privacy concerns and patient preference for interacting with physicians in person, which have been identified as patient concerns limiting the uptake of EHR-connected communication systems, 43 may be reasons for patient reluctance to use new communication technologies. These are important questions for future research. In the meantime, practices could begin to experiment with these technologies, focusing on individual groups that are current technology users and are primed for change. Text messaging services, for example, have shown success in adding chronic care and disease prevention management, with services ranging from medication reminders for asthma patients, or succinct help or warning messages for diabetic patients with blood glucose levels outside their individual range parameters, to simple patient reminders about preventive visits or services. [27] [28] [29] Beyond the technologies that we asked about in our study is the emergence of other personal health technologies such as wearable devices and mobile smartphone apps, which could further connect physicians and 
